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Duo to their complex surfaces, especially oxygen-containing groups, 
sp2-hybridized types of carbon material electrodes including carbon nanotubes (CNTs) 
and glassy carbon (GC), always exhibit the variations of electrochemical properties. 
However, the relationship between electron transfer kinetics and oxygen-containing 
groups has not been well-established so far, which is one of the basic problems of the 
interfacial electrochemistry of carbon material.  
In this thesis, both electrochemical activation and vacuum heating were em-
ployed to regulate GC and CNTs surfaces, which have different bulk structure; either 
the rations or the types of the oxygen-containing groups were characterized by using 
electrochemical probes (ascorbic acid and Fe3+/2+), FTIR and XPS, respectively. The 
general issue on the variations of the electron transfer kinetics with the oxy-
gen-containing groups was studied systemically.  
In chapter 3, electrochemical activation and vacuum heating means were de-
scribed. Ascorbic acid and Fe3+/2+ redox behaviors were investigated on different 
electrode surfaces. The experimental results demonstrated that there were two types of 
electroactive oxygen-containing groups with different redox potentials; vacuum heat-
ing method was able to regulate the types of oxygen-containing groups and to change 
the electron transfer kinetics; GC electrodes prepared by potentiostatic activation had 
better electron transfer kinetics than those by voltammetric activation. Their electro-
catalytic sites for AA not only included the electroactive carbonyl (quinones) groups, 
but also possibly involved others, such as H3O+-Cπ. 
In chapter 4 and 5, the types and rations of oxygen-containing groups were cha-
racterized by FTIR and XPS, respectively. In addition to carbonyl (quinones) groups, 
the electroactive oxygen-containing groups also included carboxyl acid groups that 
were not reduced to methyl alcohol. At the oxidation state, abnormal peaks in IR and 















tiostatic activation, revealing more complex electroactive sites on these electrodes. 
Moreover, heating at 200oC led carbonyl (quinones) and carboxyl acid groups to de-
crease and ester groups with [-O(C=O)-O-] structure to increase on these electrodes, 
different from MWCNTs-COOH in which carbonyl (quinones) and [-O(C=O)-O-] in-
creased, but carboxyl acid groups decreased. After heated at 800oC, the amounts of all 
types of oxygen-containing groups on MWCNTs-COOH, except for quinones, were 
less than those on the GC electrodes.  
Key words: sp2-hybridized carbon electrodes; electrochemical activation; heating in 






















































图 1-3 四种 sp2 杂化碳材料的体相微观结构图[3] (La 和 Lc 与碳品种的关系) 
对于sp2杂化类型碳材料而言，微晶尺寸、取向等因素导致了体相结构的复
杂性和多变性[4-6]。图1-3例举了四种典型sp2杂化类型碳材料的体相结构。由图可
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